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Chapter 22
Estimating Seagrass Blue Carbon
and Policy Implications: The Australian
Perspective
Peter J. Ralph, J. R. Crosswell, T. Cannard and Andrew D. L. Steven
Abstract Blue carbon policy supports carbon sequestration whilst also conserving
our remaining seagrass meadows. The complex biogeochemical processes within
the sediment of seagrass meadows are responsible for the longevity of the stored
carbon. Carbon stock and accumulation rates are controlled by the interaction of
hydrodynamic, geochemical and biotic processes unique to each meadow. Carbon
content (stock and flux) of a meadow must be quantified for inclusion in carbon
accounting, whether for market trading or national greenhouse gas accounting.
Management of seagrass blue carbon also requires estimates of additionality,
leakage, permanence, conversion and emission factors.
22.1 What Is Blue Carbon?
Blue carbon is carbon that has been captured and sequestered by coastal marine
vegetated habitats, which include seagrass meadows, mangrove forests and salt
marshes. These habitats can be highly productive and have been identified as strong
carbon sinks, as some seagrass species and regions support remarkably high carbon
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burial rates. Blue carbon can be stored for millennia, unlike terrestrial “green”
carbon which turns over more rapidly through cycles of plant growth and decay. In
blue carbon habitats, particularly seagrass, most of the carbon is stored in below-
ground biomass (Fig. 22.1) and in anoxic sediment where microbial decomposition
of litter (or remineralisation) is extremely slow (Enríquez et al. 1993). These low
decomposition rates, combined with high primary productivity, allow blue carbon
habitats to build up large, persistent carbon stocks.
Biogeochemical cycles of seagrass meadows have been studied for the past few
decades. However, there has been a resurgence in seagrass research driven by the
recent connection between long-term carbon storage in seagrass meadows and
efficiency of this carbon for natural sequestration (e.g. McLeod et al. 2011; Duarte
et al. 2010, 2011; Kennedy et al. 2010). This recent research has led to a better
understanding of the biogeochemical mechanisms, magnitudes, and uncertainties
associated with carbon capture in blue carbon habitats.
22.2 Seagrass Drive Natural Carbon Sequestration
Seagrass are responsible for about 15% of the total carbon stored in the ocean,
although they represent less than 0.2% of the total area of the ocean (Garrard and
Beaumont 2014). Seagrass sequester up to 35 times more carbon per area into
long-term storage as compared to tropical forests (McLeod et al. 2011).
Unfortunately, coastal marine habitats are some of the most threatened ecosystems
Fig. 22.1 Posidonia escarpment in Shark Bay, Western Australia, with living plants at the
surface, and a deep layer of organic-rich sediment underneath, exposed by erosional processes.
Photograph by Paul Lavery (ECU)
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on Earth. These habitats are being degraded at a rate that is equivalent to four times
that of tropical forests, and climate change continues to exacerbate this situation.
Since the 1980s, the global rate of seagrass loss is 7% per year (Waycott et al. 2009)
and losses are even greater in some areas of Australia’s increasingly urbanised
coastline. For example, around half of the seagrass meadows in New South Wales
have been lost relative to their historical coverage (Zann 2000). Apart from
reducing potential carbon storage, the loss of seagrass also degrades an extensive
range of other ecosystem services (including storm protection, maintaining coastal
water quality and supporting coastal fisheries). The value of these services con-
tinues to increase given their role as a buffer against impacts of global climate
change. Seagrass meadows also have the ability to bolster long-term coastal geo-
morphological resilience through erosion management and wave energy reduction
(Arkema et al. 2013; Grimsditch et al. 2013), and potentially, mitigation from sea
level rise (Orth et al. 2006). Therefore, these critical habitats need to be protected in
order to safeguard carbon stores and ensure their ongoing ecological function and
thereby maintain their associated highly valued ecosystem services.
22.3 Overview of Carbon Biogeochemistry in Seagrass
Meadows
Healthy seagrass meadows require good water quality, including suitable levels of
nutrients, sufficient light and stable sediments to maintain productive meadows.
Loss of seagrass meadows can be triggered by acute disturbances or through
chronic impacts of climate change and anthropogenic modification to coastal
ecosystems (Barbier et al. 2011). Direct removal of seagrasses can occur during
coastal development activities such as dredging or boat moorings. Indirect effects of
human activity on seagrass occur through reduced water quality, such as eu-
trophication (nutrient pollution), and episodic sediment plumes from catchment
runoff, which reduce light and smother the plants.
Carbon stocks and accumulation rates in seagrass meadows are controlled by a
range of factors (Fig. 22.3). Accumulation rates depend on environmental charac-
teristics of the meadow, such as water depth and velocity, as well as the physical
characteristics of the seagrass (Serrano et al. 2014). Different species of seagrass
accumulate carbon at different rates in relation to their growth form, compositional
makeup of tissues (recalcitrance) and sediment type (Lavery et al. 2013;
Trevathan-Tackett et al. 2017). Understanding the hydrodynamics of a site will
improve estimates of local carbon accumulation and stocks. However, accumulation
rates can also be influenced by other abiotic factors, including sediment grain size
and sediment type (terrigenous or calcareous). It is more difficult to monitor and
establish causality between these indirect relationships.
Blue carbon stored in seagrass meadows is classified as either autochthonous or
allochthonous depending on its source. Autochthonous carbon is carbon that has
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been biologically fixed within the seagrass meadow, but was previously dissolved
in the water column (Fig. 22.3). Allochthonous carbon is carbon that was biolog-
ically fixed in connected environments, but has been hydrologically transported to
and deposited in the seagrass meadow. It has been estimated that up to 50% of the
carbon within a seagrass meadow is autochthonous and 50% allochthonous.
Seagrass have a burial efficiency of up to 10% of the fixed carbon that is stored
within the plant, whereas other marine plants, such as pelagic phytoplankton, have
burial rates of about 0.5%. Burial efficiency in seagrass meadows can vary
depending on several biological factors, including bioturbation, bacterial diversity
and the degradation rate of autochthonous and allochthonous carbon types (Mateo
et al. 2006).
22.4 Australian Seagrass Blue Carbon Habitats
Australia has an extensive marine area which contains a significant fraction of all
global vegetated coastal ecosystems. Lavery et al. (2013) estimated Australian
seagrasses to contain 155 Mt of carbon; given a diverse range of species-specific
Corg storage rates to a depth of 25 cm (for comparison Ajani and Comisari 2014
used 100 cm depth). For example, it has been estimated that 1–2% of all global
seagrass carbon stocks are contained within Shark Bay alone due to its large area of
seagrass meadows and high accumulation rates. However, carbon stocks vary
across Australia’s 9,256,900 hectares of seagrass meadows (Lavery et al. 2013).
Current Australian datasets show a large range in sediment organic carbon content,
ranging from 1.09 to 20.14 mg Corg cm
−3 (Lavery et al. 2013; Serrano et al. 2014).
Smaller stature seagrass species generally have lower organic carbon stocks, but
they can also cover a large area of the tropical northern coastline; they are estimated
to account for 46% of Australia’s seagrass carbon. The remaining 54% is thought to
be mostly stored in large-stature, meadow-forming temperate species such as
Posidonia and Amphibolis.
22.4.1 How Is the Carbon Budget Estimated
at a Seagrass Site?
To build a carbon budget, three characteristics of the meadow must be determined:
the area of the meadow, an estimate of the carbon stored in the sediment and the
rate that the sediment is accreting or eroding. This process to build a carbon budget
is described in more detail below:
1. Map site boundaries and assess heterogeneity using satellite remote sensing or
aerial photos. Estimating boundaries can be complex due to water depth or tidal
variation when observing sparse intertidal species. Satellite remote sensing
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provides a synoptic view of a sufficiently wide area to provide national estimates
of seagrass coverage, but may not have the resolution for regional estimates.
Remote sensing can also be used to routinely confirm the extent of the managed
seagrass meadows over time, especially when linked to a carbon financing
scheme. Historical aerial photos and satellite remote sensing can also be used to
identify lost, degraded or converted meadows, as well as the effectiveness of
restoration or habitat recovery.
2. Quantify carbon inputs from other habitats. Riverine particulate organic carbon
(POC) and oceanic phytoplankton, zooplankton and detritus are typically the
main sources of allochthonous carbon moving into a meadow. If there is sig-
nificant input from other nearby blue carbon habitats, or if there are multiple
riverine inputs, then stable isotopes, molecular tracers and elemental ratios can
be used to determine carbon sources. Partitioning allochthonous carbon sources
ensures that carbon uptake/release is not double counted for multiple
ecosystems.
3. Quantify metabolism of the site. If possible, it is useful to quantify seagrass
photosynthesis, seagrass respiration and microbial respiration, as this assists in
estimating autochthonous input.
4. Estimate carbon stocks and fluxes. Carbon concentrations can vary with depth;
sediment cores provide a vertical profile that considerably improves stock
estimates. Radio-isotopes can be used to determine the age of carbon down the
sediment profile and accretion rates can be estimated based on the change in
carbon concentration over time. In highly productive and heterogeneous habi-
tats, gas fluxes between the sediment, water and air may also need to be
quantified in order to determine ecosystem metabolism over shorter timescales
(Macreadie et al. 2014).
Finally, once the areal extent is determined (and regularly measured to identify
changes), we can estimate the value of the blue carbon resource by scaling a limited
number of stock (and flux) estimates to cover the area under management control.
22.5 Blue Carbon Markets
Blue carbon financing offers a mechanism to protect and capitalise on other
ecosystem services provided by coastal marine vegetated habitats. In developing
policy to support blue carbon markets, there is an opportunity to incentivise the
promotion of healthy coastal marine vegetated habitats, as well as blue carbon
storage and production. In Australia, it is no coincidence that significant areas of
seagrass meadows are situated in regions that exhibit outstanding universal values
(OUV) and are recognised in World Heritage listings, e.g. Great Barrier Reef, Shark
Bay, Ningaloo coast, and the Great Sandy Straits. Accordingly, economic
non-market values have been revised from $13,786 per hectare in 1997 to $193,843
per hectare in 2016 (Pendleton et al. 2016). The increases in estimated value have
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arisen as now more of the thirteen components of total economic value for coastal
wetlands have been monetised (Costanza et al. 1997; Pendleton et al. 2016). The
development of robust and rigorous non-market estimates will be further hastened
with a deeper understanding of seagrass carbon stocks and flows.
The Blue Carbon Initiative and the Blueprint for Ocean and Coastal
Sustainability are both international programs calling for protection, and restoration
of carbon-rich coastal and ocean habitats. These programs also call for the devel-
opment of global blue carbon markets (Lau 2013; Ullman et al. 2013; IOC/
UNESCO 2011; Conservation International 2015). Quantifying coastal carbon
stocks found in mangroves, saltmarsh and seagrass is a vital step toward estab-
lishing this market (Fig. 22.2), but there remain several obstacles. For example, the
transient nature of seagrass meadows (fluctuate seasonally and spatially), poses
particular challenges for monitoring coverage and assessing the permanence of
carbon stocks. Accordingly, understanding boundaries and carbon fluxes for each
blue carbon habitat are crucial factors required for both policy and market
development.
Fig. 22.2 Map showing the distribution of sediment cores collected at Australian sites to estimate
seagrass C stock
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22.6 International Policy and the Impact on Australia
In the 2006 IPCC Guidelines for National Greenhouse Gas inventories, seagrass
were not mentioned. Without direct recognition of seagrass as a blue carbon habitat
in IPCC guidelines, there have been no incentives for carbon financing, conser-
vation of carbon stocks, or the restoration of meadows.
In 2009, UNEP published a report entitled “Blue Carbon: A rapid response
assessment” (Nellemann et al. 2009) which described how seagrass were a critical
component of blue carbon coastal vegetation. This report was the catalyst for the
inclusion of blue carbon into the IPCC, NGOs and intergovernmental policy advisors.
It also provided a list of key recommendations to ensure blue carbon protocols were
developed. This triggered the establishment of the Blue Carbon Initiative which
comprised two working groups: scientific and policy. The Blue Carbon Initiative (CI,
IUCN, UNESCO-IOC) has been driving the evolution of both policy and the
underlying science to allow blue carbon habitats to be incorporated into national
greenhouse gas inventories, and to enable blue carbon trading on carbon markets. At
the international level, policy frameworks are being developed to improve the man-
agement of these vulnerable coastal habitats and to create financial and other incen-
tives to conserve, restore and sustainably use these ecosystems (Pendleton et al. 2016).
In 2013, a Wetlands Supplement to the 2006 IPCC Guidelines for National
Greenhouse Gas inventories was adopted which included coastal wetlands,
specifically seagrasses, mangroves and salt marshes. Methodologies for coastal
wetlands require approval from UNFCCC for inclusion in IPCC reporting. There
are three tiers of assessment in IPCC reporting: Tier 1—national estimates based on
a global database; Tier 2—national estimates based on regional/country-based data;
and Tier 3—estimates from high-resolution observations and models repeated over
time. Nationally relevant data is essential to develop Tier 2 estimates, and ulti-
mately, Tier 3 requires habitat-specific estimates. In order to adopt the 2013
Wetlands Supplement, habitat-specific emission factors and sequestration rates are
required to calculate both stocks and fluxes. Indeed, the Wetlands supplement
triggered much of the research required to support policy development for the
inclusion of seagrass in national carbon accounting. Similarly, Reduce greenhouse
gas Emissions from Deforestation and forest Degradation (REDD) was established
under the United Nations Framework for Climate Change Convention (UNFCCC).
Of note, Luisetti et al. (2013) calculated that the removal of incentivised approaches
such as REDD could result in extensive loss of blue carbon ecosystems and
associated economic value losses as high as US$1 billion by 2060.
The current EU carbon stock accounting framework draws heavily on the System
of Environmental-Economic Accounting (SEEA) Central Framework and the
System of National Accounts (SNA) and enacts the principle of completeness
or comprehensiveness (Lau 2013; Ullman et al. 2013; IOC/UNESCO 2011).
Furthermore, the definition, classification, scope and valuation of environmental
assets, contained in the Australian Environmental-Economic Accounts (AEEA), is
defined by the aforementioned SEEA Central Framework.
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22.7 Development of an Australian Blue Carbon Policy
for Seagrass
A Blue Carbon policy must address several complex issues to ensure it is consistent
with other IPCC-based mitigation strategies (Ullman et al. 2013). The terms
described below have been developed for forest-based mitigation and have been
translated into blue carbon habitats. Values for each terms are required for national
carbon accounting, as well as market evaluation. Australia is yet to release an
integrated blue carbon strategy and policy to mitigate climate change. Much of the
necessary groundwork has been completed over the past three years as part of the
CSIRO Marine and Coastal Carbon Biogeochemistry Cluster (including
Trevathan-Tackett et al. 2015; Rozaimi et al. 2016). The following issues need to be
examined by the UNFCCC in support of carbon accounting: emission factors,
additionality, leakage, permanence and conversion (defined below). These issues
are also the main elements in “net flow accounting” which avoids double-counting
the amount of converted carbon, but would recognise carbon loss due to leakage
and conversions (ABS 2015).
When a seagrass meadow is degraded or destroyed, the sediment organic carbon
can be remineralised to inorganic carbon. Depending on water chemistry, some of
this inorganic carbon can be emitted to the atmosphere as CO2. The portion of the
original amount of organic carbon stock that is remineralised and subsequently lost
to the atmosphere is called the “emission factor” (Fig. 22.3). For example, Cebrian
(2002) estimated that the loss of mangroves around the globe has released
3.9  108 tonnes C into the atmosphere from long-term blue carbon stocks.
Establishing emission factors for Australian seagrass will require development of
new carbon accounting protocols. These new protocols must be able to quantify
how much seagrass carbon is lost to the atmosphere when a habitat is degraded/
destroyed, and how much carbon is redistributed to another oceanic carbon stock.
Historical evidence of lost meadows can provide an opportunity to estimate sea-
grass emission factors. Methane emissions are generally assumed to be minor, but
more research is still needed to confirm this assumption. There are few Australian
estimates of emission factors. One recent example, Macreadie et al. (2015), found
that seagrass in Jervis Bay NSW that had been destroyed over 50 years ago due to
seismic testing had lost 72% of their original carbon stock, which dates back
100,000 years. They also found that recovered Posidonia australis meadows had
only 35% of the carbon that an undisturbed meadow contained, yet more than twice
that of disturbed areas. More of these estimates are needed across different habitats,
climatic bioregions and for different causes of decline.
The term “additionality” refers to the requirement that the sequestration of
carbon must be “in addition” to what would occur without offsets or policy action.
That is, the sequestered carbon must be greater than the business-as-usual scenario
for the country (Fig. 22.4).
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Fig. 22.3 Provenance of seagrass carbon is shown across an estuary, where carbon enters from the
terrestrial catchment and moves into the estuary where if it is not trapped then it can settle in the
coastal ocean seafloor. Carbon can move from the water column into the sediment and it equilibrates
with the atmosphere. Particulate organic carbon (POC) enters the sediment, while dissolved organic
carbon and dissolved inorganic carbon is liberated from the sediment into the water column. The
allochthonous carbon panel illustrates the process of sediment accretion and seagrass vertical
migration. The autochthonous carbon panel illustrates the process of organic tissue breakdown of
leaves and roots showing both weak and strong permanence. Finally, the panel showing emission
factors demonstrates how the down-core carbon profile of a seagrass meadow contains more carbon
than a recently degraded meadow, and significantly more that an aged degraded site
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“Leakage” occurs when activities within a project’s accounting boundary affect
regions outside of that boundary, and cause a change in the greenhouse gas
(GHG) emissions of those external environments. Leakage is often unanticipated
and difficult to quantify, particularly in hydrologically-connected coastal ecosys-
tems. However, it is important that leakage is measured and included in the net
GHG impact of a project. An increase in external GHG emissions is known as
negative leakage, because it counteracts GHG benefits achieved within the project
accounting boundary. Positive leakage occurs when external GHG emissions
decrease as a result of a project activity. Positive leakage is an added benefit in a
project’s net GHG impact (Fig. 22.5).
The “permanence” of the carbon sequestered must be estimated and the risk of
the loss must be minimised. Seagrass sediment carbon is well recognised as having
high permanence due to the recalcitrance of the stored carbon (Trevathan-Tackett
et al. 2015). However, some species are ephemeral, so the meadow will not always
remain year-to-year. The degree to which the sediment carbon diminishes when the
Fig. 22.4 Additionality is illustrated in the lower panel where more seagrass biomass
accumulated than the natural fluctuation (lighter coloured seagrass) in biomass that occurs over
season and between years (upper panel)
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meadow disappears is currently unknown. Methods have recently been developed
to assess the longevity of the carbon stored within the sediment cores. For example,
thermogravemetric analysis can identify the lignocellulose matrix with seagrass
sediments (Trevathan-Tackett et al. 2015). Furthermore, Macreadie et al. (2012)
showed that shifts in the source of detritus altered the recalcitrance of sequestered
Fig. 22.5 Leakage is illustrated in this panel, where leaves fall into the upper catchment, this
created particulate organic carbon (brown dots) that is transported into the upper estuary
(mangrove compartment), where mangrove leaves become part of the detritus within the mangrove
carbon pool. Carbon that moves into the seagrass compartment has leaked from the mangroves.
Pelagic phytoplankton move between the coastal ocean and the seagrass compartments
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carbon. The study also found that the source of allochthonous carbon in some
seagrass meadows shifted during the past 200 years of human industrialisation from
mangrove-dominated detritus to microalgae-dominated detritus.
Habitat “conversion” occurs when a blue carbon habitat is destroyed and
replaced with an alternate function, such as removal of mangroves to establish
shrimp ponds. The quantity of “carbon loss upon conversion” (Pendleton et al.
2012) must be estimated, but there are currently few Australian or global estimates.
Conversion may only affect carbon stocks to a certain depth, but the depth at which
conversion is no longer important is yet to be defined. Additionally, emission
factors for converted habitats depend on how the habitat is converted. For example,
dredging a seagrass meadow would likely release more of the carbon stock com-
pared to less destructive conversions. Further research is needed to estimate the
emission factors associated with different types of conversion.
Protecting seagrass also results in avoided emissions. In this case, a habitat’s
carbon stock is assessed, and if a land-management or a development proposal is
considered for this region, the avoided emissions of the potential conversion can be
assessed in the overall impact of the development. Avoided emissions vary
depending on habitat carbon stock, the rate of carbon released to the atmosphere,
the risk of future habitat loss and the cost of establishing a protection zone around
the habitat. Preserving seagrass habitats can provide low-cost opportunities to
mitigate CO2 emissions.
22.8 Blue Carbon Accounting Processes in Australia
The National Carbon Accounting System (NCAS) currently accounts for Australian
land-based GHG emissions (sources) and removals (sinks). The Australian
Greenhouse Emissions Information System (AGEIS) was designed for Australia to
meet IPCC requirements for national greenhouse inventory systems and reporting
emissions. In addition to preparing the Australian National Inventory Report to
meet the IPCC requirements, the Department of the Environment reports green-
house gas (flux) information using the ANZSIC classification (ABS 2015).
Accurate accounting requires knowledge of the biogeochemical cycles, satellite
remote sensing and climatology, which are integrated using the Full Carbon
Accounting Model (FullCAM; Ajani and Comisari 2014). Mangrove carbon stock
estimates will be included for the first time in the next round of GHG reporting for
Australia. However, questions still remain regarding boundaries between the dif-
ferent types of coastal, marine and terrestrial ecosystems, and boundary rules must
still be developed. Similarly, thought must be given to how territory definitions
encompass tidal movements and shifting seagrass meadows.
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Carbon sinks must pass a ‘permanency’ test (e.g. 100 years in REDD) in order to
qualify for carbon crediting systems (Grimsditch et al. 2013). It is unclear whether
seagrass carbon reserves will be afforded special requirements for this test, as one
might argue whether this is appropriate given the ephemeral and shifting nature of
some seagrass species. Nevertheless, there is an urgent need to increase seagrass
protection, restoration and monitoring efforts given their critical role in the global
carbon cycle (Selig et al. 2014).
It is realistic to expect that seagrass will eventually be included in the national
GHG accounting scheme, at which point all detected gains and losses of habitat will
be incorporated into the national carbon budget. It is possible to create a blue
carbon map of Australia’s coastal wetlands following the principles developed for
Australia’s current terrestrial soil carbon map. Restoration (provided it is additional)
would be counted as an increase in carbon storage and will be considered sepa-
rately. Policies developed to encourage active carbon bio-sequestration such as the
Carbon Farming Initiative are currently only relevant to mangroves and saltmarsh.
Adopting coastal blue carbon measures for this recognition in the already
well-established Carbon Farming Initiative may convince farmers to return ponded
pastures to mangrove habitats. Given the many benefits of seagrass meadows, the
advantages of linking of carbon storage with habitat conservation, biodiversity
protection and valuation of ecosystem services is widely recognised (Barbier et al.
2011). Once included in the national carbon accounting, blue carbon will become
an effective tool to enhance the conservation of seagrass.
22.9 Seagrass Blue Carbon Management
Economic policy and other incentives (e.g. stewardship-based incentives) that
recognise the value of coastal blue carbon stocks and further sequestration are being
developed in Australia and in many countries around the globe. It is hoped that a
number of critical management actions, listed below, can be implemented to sup-
port and to promote blue carbon markets including the option for compensatory
actions:
1. Identify the key regional threats to seagrass loss, e.g. dredging, boat mooring or
coastal development. Monitor seagrass meadows on a regular basis to assess
damage before effects cannot be reversed.
2. Identify vulnerable meadows with large carbon stocks as “high risk” and give
such regions elevated protection status. This generally means areas of high
carbon accumulation are allocated a high protection status as this would be a
significant “avoided emission”.
3. Avoid destructive harvesting methods (e.g. purse seine netting) within seagrass
meadows.
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4. Support research to develop and test low cost, strategically-placed seagrass
restoration that will promote natural recruitment and meadow development.
Restoration of seagrass habitat could be an effective solution, but the process is
complex. Generally 35–50% of restoration efforts are successful, and these have
only covered small areas (Irving et al. 2010). In some cases, restored seagrass
burial rates have been found to be similar to that of established meadows (Marba
et al. 2015). However, Greiner et al (2013) found that meadows which had been
restored 10 years ago as part of a seagrass restoration project in Chesapeake
Bay, USA contained more carbon than bare sediments and 4-year old restora-
tions; similar data are needed in the Australian context. Some cost-effective
seagrass restoration methods have been developed, but seagrass restoration is
still generally the most expensive among blue carbon habitats (Blandon and
Ermgassen 2014; Hejnowicz et al. 2015). Therefore, it is much cheaper to
maintain existing seagrass meadows and restore water quality to encourage
natural recovery than directly fund the restoration of large seagrass meadows.
22.10 Conclusion
As policy supporting blue carbon is evolving rapidly, it is critical that science and
observational data are used to inform these policy frameworks. For example, if and
when a REDD-type policy is established for seagrasses, we will need to estimate C
accumulation for a re-established meadow. Many nations are presently incorpo-
rating blue carbon into their broader GHG accounting schemes. Blue carbon
accounting requires stocks and fluxes as well as estimates of processes including
additionality, leakage, permanence, conversion and emission factors.
Development of seagrass carbon maps will assist with the impact assessment of
coastal developments, where loss of carbon as well as seagrass community structure
(and ecosystem services) will need to be mitigated. To extrapolate this new
knowledge, biogeochemical models are currently being developed to predict blue
carbon stock; where larger quantities of empirical data exist, the model estimates
will be more accurate, whilst on-going improvements in remote sensing techniques
will allow regular boundary updates of managed meadows.
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Chapter 23
Taxonomy of Australian Seagrasses
John Kuo, Marion L. Cambridge, Len J. McKenzie
and Robert G. Coles
Abstract This chapter lists all Australian seagrass species with their synonyms,
which are currently accepted by the IPNI (International Plant Name Index) and the
Plant List; the world authority of plant taxonomy. It also briefly reviews taxonomic
studies on the Australian seagrasses and includes keys to all Australian seagrass
species, with the practical goal of providing botanists with a name for seagrass
species based on morphological characteristics. With their limited range of mor-
phological characters, even constructing a morphological key presents some diffi-
culties. The Australian waters are rich in seagrass species (33), with more than one
third of the described seagrass species in the world. The majority of Australian
temperate species are endemic, while those occurring in Australian tropics are also
distributed in the Indo-Pacific region. Where possible we consider the results of
molecular phylogenies but at present these are incomplete, and have only focused
on a limited range of species.
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